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ON DEMAND IDENTIFIER AND GEOMETRY 
PIECE ASSOCIATION IN COMPUTER AIDED 

DESIGN (CAD) ENVIRONMENT 

FIELD OF INVENTION 

The present invention relates to the ?eld of computer aided 
design (CAD). More speci?cally, the present invention 
relates to computer assistance to a designer in generating and 
maintaining associations betWeen identi?ers and geometry 
pieces of a mechanical design. 

BACKGROUND OF THE INVENTION 

Advances in computer aided design (CAD) modeling have 
facilitated the employment of geometry pieces to represent 
solid models. Accordingly, full assemblies of CAD models 
may be designed and built as a number of geometry pieces 
Within the CAD environment. These assemblies may be as 
simple as having a couple of components, such as a nut and 
bolt combination. More commonly, assemblies involve 
numerous components that are put together in various man 
ners. For example, an entire vehicle may be designed and built 
Within the CAD environment made up of an assembly of 
numerous components. The numerous components may be 
detailed as to include individual nuts and bolts. This ability to 
design and build complex assemblies in the CAD environ 
ment has improved the ef?ciency of design and manufactur 
ing. Accordingly, issues that Were not detectable until the 
components Were actually manufactured and put together 
may noW be detected because the parts may be “virtually” 
manufactured and put together. Furthermore, having the 
assemblies in the CAD environment has facilitated reduction 
of the need to produce numerous draWings to convey infor 
mation regarding the assemblies and their components. 
Instead, information may noW be conveyed on-screen 
through a CAD display shoWing the entire assembly or sub 
assemblies of interest. 
As the assemblies become more complex, providing on 

screen information regarding these complex assemblies have 
become more dif?cult. For example, a designer may need to 
provide some information regarding a particular geometry 
piece making up a component in an assembly, Where the 
information may be an identi?er in the form of text. HoWever, 
because the number of components may be numerous, plac 
ing information in proximity to the particular geometry piece 
may be impracticable (i.e., text may overlap each other and 
may obscure other geometry pieces). Additionally, placing 
information around the assembly may cause leader lines to 
cross each other, Which may be confusing. Moreover, having 
information around the assembly Without having leader lines 
pointing to particular geometry pieces may not convey the 
information that the designer is trying to convey (i.e., a vieWer 
may not be able to distinguish Which particular geometry 
piece has an association With Which text). 

Thus, an improved approach for generating and maintain 
ing associations betWeen identi?ers and geometry pieces of a 
mechanical design is desired. 

BRIEF DESCRIPTION OF DRAWINGS 

The present invention Will be described by Way of exem 
plary embodiments, but not limitations, illustrated in the 
accompanying draWings in Which like references denote 
similar elements, and in Which: 

FIG. 1 illustrates a block diagram of one embodiment of a 
mechanical design application for facilitating generation and 
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2 
maintenance of associations betWeen identi?ers and geom 
etry pieces of a mechanical design, in accordance With the 
present invention; 

FIG. 2 illustrates an assembly of geometry pieces With 
identi?ers associated With the geometry pieces, Wherein asso 
ciations betWeen identi?ers and the geometry pieces are auto 
matically generated and maintained on demand, in accor 
dance With one embodiment of the present invention; 

FIG. 3 illustrates automatic associative graphical represen 
tation generation (or more speci?cally, a leader) betWeen an 
identi?er and a geometry piece, in accordance With one 
embodiment of the present invention; 

FIG. 4 illustrates a geometry piece of a mechanical design 
having features Wherein identi?ers associated With the fea 
tures are generated and maintained, in accordance With an 
alternate embodiment of the present invention; 

FIG. 5 illustrates automatic associative leader generation 
betWeen an identi?er and a feature of a geometry piece, in 
accordance With one embodiment of the present invention; 

FIG. 6 illustrates the operational How of the relevant 
aspects of leader generation engine for generating and main 
taining associations betWeen identi?ers and geometry pieces 
of a mechanical design, in accordance With one embodiment 
of the present invention; and 

FIG. 7 illustrates one embodiment of a computer system 
suitable to be programmed With the mechanical design appli 
cation of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

In the folloWing description, various aspects of the inven 
tion Will be described. However, it Will be apparent to those 
skilled in the art that the invention may be practiced With only 
some or all described aspects. For purposes of explanation, 
speci?c numbers, materials and con?gurations are set forth in 
order to provide a thorough understanding of the invention. 
HoWever, it Will also be apparent to one skilled in the art that 
the invention may be practiced Without the speci?c details. In 
other instances, Well-knoWn features are omitted or simpli 
?ed in order not to obscure the invention. 

Parts of the description Will be presented in terms of opera 
tions performed by a computer system, using terms such as 
data, ?ags, bits, values, characters, strings, numbers and the 
like, consistent With the manner commonly employed by 
those skilled in the art to convey the substance of their Work to 
others skilled in the art. As Well understoodby those skilled in 
the art, these quantities take the form of electrical, magnetic, 
or optical signals capable of being stored, transferred, com 
bined, and otherWise manipulated through mechanical and 
electrical components of the computer system. The term com 
puter system includes general purpose as Well as special 
purpose data processing machines, systems, and the like, that 
are standalone, adjunct or embedded. 

Various operations Will be described as multiple discrete 
steps in turn, in a manner that is mo st helpful in understanding 
the invention. HoWever, the order of description should not be 
construed as to imply that these operations are necessarily 
order dependent. In particular, these operations need not be 
performed in the order of presentation. 

Reference throughout this speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. Thus, the appearances of the phrases “in one 
embodiment” or “in an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment or invention. Furthermore, the par 
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ticular features, structures, or characteristics may be com 
bined in any suitable manner in one or more embodiments. 

For the purposes of describing the invention, in a computer 
aided design (CAD) environment, a geometry piece may be a 
2-D geometry piece, such as, but not limited to, a line, arc, 
point, and so forth. Additionally, the geometry piece may be 
a 3-D geometry piece having solid properties, such as, but not 
limited to, volume, Weight, and density. 

In the CAD environment, an identi?er may be a CAD entity 
that conveys some form of information. For example, an 
identi?er may be a number, or any other type of textual 
information encapsulated in a “balloon” or other geometric 
shapes. 

In various embodiments of the invention, generating and 
maintaining associations betWeen identi?ers and geometry 
pieces of a mechanical design is facilitated. This and other 
advantages Will be evident from the disclosure. 

FIG. 1 illustrates a block diagram of one embodiment of a 
mechanical design application for facilitating generation and 
maintenance of associations betWeen identi?ers and geom 
etry pieces of a mechanical design, in accordance With the 
present invention. In FIG. 1, mechanical design application 
100 includes an end user interface 102, a design engine 104, 
and a design database 106. The design engine 104 includes, in 
particular, associative leader generation engine 108, in accor 
dance With the invention. Together, the elements cooperate to 
generate and maintain associations betWeen identi?ers and 
geometry pieces of a mechanical design on demand, in accor 
dance With one embodiment of the invention. 

In FIG. 1, the end user interface 102 operates to graphically 
display and receive input of an association of a geometry 
piece With an identi?er under the control of the design engine 
104. Under the control of the design engine 104, the design 
database 106 operates to store information regarding the 
association of the geometry piece With the identi?er. Once the 
information regarding the association of the geometry piece 
With the identi?er has been stored, and upon receiving an 
indication that the identi?er has been selected, the associative 
leader generation engine 108 automatically utiliZes various 
data to automatically generate and display a visual represen 
tation of the association betWeen the identi?er and the geom 
etry piece. In one embodiment, the visual representation is a 
graphical representation in the form of e.g., a leader connect 
ing the identi?er and the geometry piece. In alternate embodi 
ments, other 2-D or 3-D graphical representations or even 
other non-graphical visual representations may be employed 
to convey an association. 

Except for the teachings of the present invention incorpo 
rated in the associative leader generation engine 108, the 
mechanical design application 100 is intended to represent a 
broad range of CAD softWare knoWn in the art, including but 
not limited to Autodesk InventorTM, available from Autodesk, 
Inc. of San Rafael, Calif. 

FIG. 2 illustrates an assembly of geometry pieces With 
identi?ers associated With the geometry pieces, Wherein asso 
ciations betWeen identi?ers and the geometry pieces are auto 
matically generated and maintained on demand, in accor 
dance With one embodiment of the present invention. 
Illustrated in FIG. 2, is an assembly 200 made up of numerous 
geometry pieces. Additionally, in proximity to the assembly 
200 are a number of identi?ers 201-214. The identi?ers 201 
214 provide information regarding the various corresponding 
geometry pieces that make up the assembly 200. For example, 
each identi?er may be a description of a corresponding geom 
etry piece that makes up the assembly 200. 
As shoWn in FIG. 2, the identi?ers 201-214 are displayed in 

proximity to the assembly 200. HoWever, visual representa 
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4 
tions of associations (eg in the form of leaders) betWeen the 
identi?ers 201-214 and their respective geometry pieces are 
not normally displayed, except on demand. As Will be 
described in further detail beloW, the graphical representa 
tions of the associations, in the form of leaders, Will be dis 
played in response to predetermined events, in accordance 
With one embodiment of the present invention. Additionally, 
as alluded to earlier, a user (not shoWn) may have previously 
provided information regarding associations of the identi?ers 
201-214 With their respective geometry pieces. 
The information regarding the associations of the identi? 

ers 201-214 With their respective geometry pieces may be 
provided in any type of association method such as, but not 
limited to, the user inputting an identi?er and selecting a 
geometry piece that is to have an association With the identi 
?er, Where the selection may be by menu input. This infor 
mation may then be stored in the design database 106 (shoWn 
in FIG. 1). As Will be described in further detail beloW, the 
stored information regarding the associations of the identi? 
ers 201-214 With their respective geometry pieces may be 
utiliZed to generate eg a leader betWeen the identi?ers 201 
214 and the geometry pieces to associate the tWo entities, in 
accordance With one embodiment of the present invention. As 
a result, in the illustrated embodiment of FIG. 2, numerous 
identi?ers may be advantageously associated With geometry 
pieces and placed in proximity to or otherWise aWay from the 
geometry pieces, While not obscuring any of the geometry 
pieces. That is, an identi?er may be placed randomly on the 
display, and does not necessarily need to be in proximity to 
the geometry piece associated With the identi?er. A graphical 
representation such as a leader is generated on demand to 
convey association of the tWo entities. 

It should be appreciated by those skilled in the art that the 
assembly 200 may include many more identi?ers than the 
ones shoWn because the number of geometry pieces that may 
make up the assembly 200 may be very numerous. HoWever, 
for ease of understanding the present invention, a limited 
number of identi?ers Will be utiliZed. Nevertheless, they suf 
?ciently illustrate the present invention. Additionally, the 
identi?ers 201-214 are shoWn in proximity to the assembly 
200. HoWever, in accordance With the teachings of the present 
invention, the identi?ers 201-214 may be advantageously 
placed in any location on the display (in particular, in loca 
tions so they do not obstruct vieWing of the geometry pieces). 

FIG. 3 illustrates automatic associative graphical represen 
tation generation (or more speci?cally, a leader) betWeen an 
identi?er and a geometry piece, in accordance With one 
embodiment of the present invention. Illustrated in FIG. 3 is 
the assembly 200 having identi?ers 201-214 displayed in 
proximity to the assembly 200. As shoWn in FIG. 3, an indi 
cation is received that one identi?er 201, “Hexagon Socket 
Head Cap ScreW”, has been selected. The indication may be 
in the form of the user utiliZing a cursor 301 to select the 
identi?er 201. Additionally, the selection of the identi?er may 
be in the form of receiving an indication of a cursor being in 
a predetermined proximity to the identi?er, receiving an indi 
cation of a click and drag operation of the identi?er, and so 
forth. The siZe of the predetermined proximity is application 
dependent, and may be any amount depending on the desired 
sensitivity. Preferably, it is customiZable by the user. 

In response to the received indication, a leader 305 is 
automatically generated and displayed indicating an associa 
tion betWeen the identi?er 201 and a geometry piece 306 of 
the assembly, for example, a CAD geometry piece in the form 
of a hexagon socket head cap screW. The leader 305 may be 
automatically generated by determining a closest approach 
(i.e., closest distance) betWeen the identi?er 201 and the 



US 7,620,904 B1 
5 

geometry piece 306, Where the closest approach may be 
determined for either 2D or 3D space utilizing “critical” 
vertices of the identi?er 201 and the geometry piece 306. 

In one embodiment, the leader 305 is automatically gener 
ated and displayed, based at least upon other entities betWeen 
the geometry piece 306 and the identi?er 201. That is, leader 
305 may go around other geometry pieces and/or identi?er 
that may be betWeen the geometry piece 3 06 and the identi?er 
201 to advantageously avoid obscuring other geometry pieces 
and/ or identi?ers. In order to go around a geometry piece or 
an identi?er, the associative leader generation engine 108 
may ?rst determine the closest approach betWeen the geom 
etry piece 306 and the identi?er 201. However, upon deter 
mining the closest approach, the associative leader generation 
engine 108 further determines if there are any entities on the 
closest approach. If it is determined that there are one or more 
entities along the closest approach, the associative leader 
generation engine 108 may adjust the closest approach leader 
(Which by de?nition is linear) into a non-liner form, eg a 2D 
multi-segmented line, a 2D curve, a 2D spline, a 3D arroW, or 
a 3D tube, to go around the entities. “Navigating” around the 
entities along the closest approach may be performed in 
accordance With a predetermined “minimum” boundary. The 
siZe of the predetermined “minimum” boundary may be 
application dependant, and may be any amount depending on 
the desired “maximum” deviation from the closest approach. 
Preferably, it is customiZable by the user. 
As Will be described in further detail beloW, in one embodi 

ment, the leader may terminate at locations based at least 
upon a geometric property of the geometry piece. That is, the 
leader’s termination location on the geometry piece may be 
determined based on one or more geometric properties of the 
geometry piece. 
Once the leader 305 is automatically generated and dis 

played, the user may then select the identi?er 201 again, and 
modify the identi?er 201. The modi?cation may be to move 
the re-selected identi?er 201 to a neW location as shoWn in the 
embodiment of FIG. 3. 

In one embodiment, once the leader 305 has been gener 
ated and displayed, a modi?ed leader 307 may be generated 
after the completion of the modi?cation. Accordingly, once 
the identi?er has been moved to a neW location and un 
selection of the identi?er 201 is received, in response, the 
associative leader generation engine 108 (shoWn in FIG. 1) 
may automatically generate and display the modi?ed identi 
?er 310 With the modi?ed leader 307. 

In one embodiment, the leader 3 05, once generated, may be 
continuously displayed so long as the indication of the un 
selection of the identi?er 201 has not been received. Accord 
ingly, once an un-selection of either the identi?er 201 or the 
geometry piece of a visually associated identi?er and geom 
etry piece is received, the associative leader generation 
engine 108 (shoWn in FIG. 1) may “un-display” the visual 
association (i.e. the leader, in the “leader” embodiment). That 
is, for the “leader” embodiment, the leader is no longer dis 
played (i.e., visually hidden). 

In one embodiment, an indication that the cursor 301 is 
placed in a predetermined proximity to the identi?er 201 may 
be received, and in response, the leader 3 05 may be generated 
and displayed betWeen the identi?er 201 and a geometry 
piece 306 of the assembly 200. If the cursor 301 is moved 
outside the predetermined proximity of the identi?er 201, the 
leader 305 may no longer be displayed. The predetermined 
proximity may be an interaction condition such as, but not 
limited to, a mouse-over condition. 

Additionally, the leader 305 may be generated and dis 
played in response to receiving an indication of selection of 
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6 
the geometry piece 306. That is, once an association has been 
stored betWeen an identi?er and a geometry piece, the selec 
tion of either the geometry piece or the identi?er generates 
and displays a leader betWeen the geometry piece and the 
identi?er. 
As Will be appreciated by those skilled in the art, generat 

ing and maintaining associations betWeen identi?ers and 
geometry pieces of a mechanical design in the above 
described manner results in a much less cluttered and sub 
stantially improved identi?cation method. 

FIG. 4 illustrates a geometry piece of a mechanical design 
having features Wherein identi?ers associated With the fea 
tures are generated and maintained, in accordance With an 
alternate embodiment of the present invention. Illustrated in 
FIG. 4 is a geometry piece 400 having a number of features 
401-406. Additionally, a number of identi?ers 410-415 are 
displayed in proximity to the geometry piece 400. As previ 
ously described, information regarding association of identi 
?ers 410-415 With their respective features 401-406 may have 
been previously received and stored. 

The identi?ers 410-415 of FIG. 4 may be advantageously 
displayed in various locations because associations betWeen 
identi?ers 410-415 and their respective features 401-406 may 
be generated and maintained, in accordance With the teach 
ings of the present invention. 

FIG. 5 illustrates automatic associative leader generation 
betWeen an identi?er and a feature of a geometry piece, in 
accordance With one embodiment of the present invention. 
ShoWn in FIG. 5 is the geometry piece 400 having features 
401-406, and displayed in proximity to the geometry piece 
400, are the identi?ers 411-415. 

Additionally, an indication is received that the identi?er 
411, “Through Hole 2”, has been selected by the user. The 
received indication may be in the form of the user utiliZing a 
cursor 501 and cursor selecting on the identi?er 411. Alter 
natively, the received indication may be in the form of deter 
mining if the cursor 501 is Within a predetermined proximity 
to the identi?er 411. In response to the received indication, a 
leader 510 is generated and displayed betWeen feature 403, 
one of tWo through hole features, and identi?er 411, 
“Through Hole 2”. The leader 510 provides a visual indica 
tion of an association betWeen the identi?er 411 and the 
feature 403. 
As illustrated in FIG. 5 the selected identi?er 411 is moved 

to a neW location resulting in a modi?ed identi?er 511 and a 
modi?ed leader 512. The modi?cation may be facilitated by 
the user clicking and dragging the identi?er 411 to its neW 
location. As described previously, the leader 510 may be 
generated and displayed during the move (i.e., continuously 
receiving and indication that the identi?er 411 has been 
selected). Accordingly, once the identi?er 41 1 has been modi 
?ed and un-selection is received, the associative leader gen 
eration engine 108 (shoWn in FIG. 1) automatically generates 
and displays the modi?ed identi?er 511 and the modi?ed 
leader 512. 

Alternatively, in one embodiment, the leader 510 may be 
continuously displayed as long as the indication of un-selec 
tion of either the identi?er 41 1 or the corresponding geometry 
piece of a visually associated identi?er and geometry piece 
has not been received. Accordingly, once the identi?er or the 
geometry piece of a visually associated pair has been un 
selected, the associative leader generation engine 108 (shoWn 
in FIG. 1) causes cessation of the display of the visual asso 
ciation (i.e. the leader, for the “leader” embodiment). The 
visual representation of the association is no longer displayed 
(i.e., visually hidden). 
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In the illustrated embodiment of FIG. 5, the generated and 
displayed leader 510 betWeen the feature 403 and identi?er 
411 is shown terminating at a ?rst location 520 on feature 403. 
Moreover, once the identi?er 411 is modi?ed (i.e., moved to 
its neW location) resulting in the modi?ed identi?er 511, the 
modi?ed leader 512 terminates at a second location 521. As 
illustrated, the second location 521 may be a location on the 
feature 403 being of a closest approach betWeen the feature 
403 and the modi?ed identi?er 511. As alluded to earlier, 
modi?cation of a location of an identi?er advantageously 
does not cross (i.e., obscure) a feature because a termination 
location of a leader on the feature may be automatically 
modi?ed responsive to the modi?cation of the location of the 
identi?er. 

In one embodiment, the leader’s termination location 521 
may be based at least upon a geometric property of the geom 
etry piece. That is, the leader’s termination location 521 may 
be determined in accordance With the geometric properties of 
the geometry piece. The leader’s termination location 521 
may be any location disposed on a geometric boundary of the 
geometry piece. Alternatively, the leader’s termination loca 
tion 521 may intersect With a geometric center of the geom 
etry piece. 

For the example illustrated embodiment of FIG. 5, the 
geometry piece 403 may have a geometric boundary of a 
circle. Alternatively, the geometric center may be a center of 
the circle. For the illustrated embodiment of FIG. 3, the 
geometry piece 306 may have a geometric boundary of faces 
representing a solid model. Alternatively, the geometric cen 
ter may be a centroid of the geometry piece 306. 

Furthermore, modi?cation of a location of a geometry 
piece having an association With an identi?er may also auto 
matically modify a termination location of a leader on the 
geometry piece. That is, modi?cation of either the geometry 
piece or the identi?er may result in a modi?cation of the 
termination location of the leader on the geometry piece to 
provide the closest approach betWeen the feature 403 and the 
modi?ed identi?er, While not obscuring other geometry 
pieces or identi?ers. 
As a result, generating and maintaining associations 

betWeen identi?ers and geometry pieces of a mechanical 
design is facilitated, including automatic modi?cation of 
leader termination on the geometry piece of the mechanical 
design. 

FIG. 6 illustrates the operational How of the relevant 
aspects of “leader” generation engine 108 of FIG. 1 for gen 
erating and maintaining associations betWeen identi?ers and 
geometry pieces of a mechanical design, in accordance With 
one embodiment of the present invention. For the illustrated 
embodiment, associative leader generation engine 108 
(shoWn in FIG. 1) is programmed in accordance With an even 
driven model (i.e., associative leader generation engine 108 is 
designed to be executed in a system environment Where vari 
ous event noti?cation services are available from the operat 
ing system). One example of such an operating system suit 
able for practicing the invention is the Windows@ operating 
system, available from Microsoft Corporation of Redmond, 
Wash. In alternate embodiments, associative leader genera 
tion engine 108 may be implemented in other programming 
approaches knoWn in the art. 
At operational block 605, the associative leader generation 

engine 108 determines if an event noti?cation is related to a 
geometry piece having association With an identi?er or vice 
versa. If it is determined that the received event noti?cation is 
not related to associated geometry piece/identi?er, the asso 
ciative leader generation engine 108 takes no action, opera 
tional block 604. HoWever, if an event noti?cation is related to 
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8 
an associated geometry piece/ identi?er, the associative leader 
generation engine 1 08 further determines if the received event 
noti?cation denotes an event of a selection of an associated 

identi?er or geometry piece Without the association being 
visually indicated, operational block 606. 

If upon determining that the event noti?cation is related to 
an associated identi?er/geometry piece, it is further deter 
mined that the event noti?cation denotes a selection of an 
associated identi?er or geometry piece With the association 
not visually indicated, and accordingly, the associative leader 
generation engine 108 generates and displays a leader to 
represent the association betWeen the geometry piece and the 
identi?er, operational block 608. HoWever, if upon determin 
ing that the event noti?cation is related to an associated iden 
ti?er/ geometry piece, it is further determined that the event 
noti?cation does not denote a selection of an associated iden 
ti?er or a geometry piece, and accordingly, the associative 
leader generation engine 108 further determines if a modi? 
cation of either the geometry piece or the identi?er is 
received, operational block 610. 

If it is determined that the event noti?cation denotes a 
modi?cation of the geometry piece, the associative leader 
generation engine 108 automatically modi?es the leader 
based at least in part on the modi?cation, operational block 
612. HoWever, if it is determined that the event noti?cation 
does not denote a modi?cation, for the embodiment, associa 
tive leader generation engine 108 further determines if the 
event noti?cation denotes an un-selection of a visually asso 

ciated identi?er or the geometry piece, operational block 614. 

If upon determining that the event noti?cation is related to 
an associated identi?er/geometry piece, it is further deter 
mined that the event noti?cation denotes an un-selection of a 

visually associated identi?er/geometric piece, in response, 
the associative leader generation engine 108 terminates visu 
ally associating the unselected identi?er/ geometric piece and 
its associated counterpart. In one embodiment, the associative 
leader generation engine 108 causes the display of the leader 
that visually associates the identi?er and the geometric piece 
to cease (i.e. “hiding” the leader), operational block 616. 

HoWever, if upon determining that the event noti?cation is 
related to an associated identi?er/ geometry piece, but the 
event noti?cation does not denote “selection”, nor “modi? 
cation”, and it is further determined that the event noti?cation 
also does not denote an “un-selection” of a visual associated 
identi?er/geometry piece, the process may be handled in an 
application dependent manner, operational block 618. 
The selection of the identi?er may be in the form of receiv 

ing an indication of the a cursor being in a predetermined 
proximity to the identi?er, receiving an indication of a cursor 
click on the identi?er, receiving an indication of a click and 
drag operation of the identi?er, and so forth. The generated 
leader may originate from any point of the identi?er and 
terminate at any location on the geometry piece. In one 
embodiment, if the geometry piece has been modi?ed (i.e., by 
being moved to a neW location), While the leader is being 
displayed, the leader generation engine 108 automatically 
relocates the leader, and terminates the leader at another 
location coincidence With the relocated geometry piece. 

In one embodiment, if the identi?er has been modi?ed 
(e.g., by being moved to a neW location), While the leader is 
being displayed, the leader generation engine 108 automati 
cally relocates the leader, and terminates the leader at another 
location being of a closest approach betWeen the geometry 
piece and the identi?er. 
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As previously described, the selection of the geometry 
piece also results in a leaderbeing generated and displayed, in 
accordance With the various embodiments of the present 
invention. 
As a result, generating and maintaining associations 

betWeen identi?ers and geometry pieces of a mechanical 
design is facilitated. 

FIG. 7 illustrates one embodiment of a computer system 
suitable to be programmed With the mechanical design appli 
cation of the invention. As shoWn, for the illustrated embodi 
ment, computer 700 includes processor 702, processor bus 
706, high performance l/O bus 710 and standard l/O bus 720. 
Processor bus 706, and high performance l/O bus 710 are 
bridged by host bridge 708, Whereas l/O buses 710 and 720 
are bridged by 1/0 bus bridge 712. Coupled to processor bus 
706 is cache 704. Coupled to high performance l/O bus 710 
are system memory 714 and video memory 716, against 
Which video display 718 is coupled. Coupled to standard l/O 
bus 720 are disk drive 722, keyboard and pointing device 724, 
and communication interface 726. 

These elements perform their conventional functions 
knoWn in the art. In particular, disk drive 722 and system 
memory 714 are used to store permanent and Working copies 
of at least the relevant components of the mechanical design 
system incorporated With the teachings of the invention. The 
permanent copy may be pre-loaded into disk drive 722 in 
factory, loaded from distribution medium 732, or doWn 
loaded from a remote distribution source (not shoWn). Distri 
bution medium 732 may be a tape, a CD, and DVD or other 
storage medium of the like. The constitutions of these ele 
ments are knoWn. Any one of number implementations of 
these elements knoWn in the art may be used to form com 
puter system 700. 

In general, those skilled in the art Will recogniZe that the 
invention is not limited by the details described, instead, the 
invention can be practiced With modi?cations and alterations 
Within the spirit and scope of the appended claims. The 
description is thus to be regarded as illustrative instead of 
restrictive on the invention. 

Thus, an improved Way of generating and maintaining 
associations betWeen identi?ers and geometry pieces of a 
mechanical design is facilitated, including automatic modi? 
cation of leader termination on the mechanical design is dis 
closed. 
What is claimed is: 
1. A computer implemented method, comprising: 
displaying a visual representation of a geometry piece in a 

computer aided design (CAD) environment; 
displaying a visual representation of an identi?er, the iden 

ti?er having been associated With the geometry piece in 
the CAD environment; 

While the geometry piece and the associated identi?er are 
simultaneously displayed, receiving a user input select 
ing or deselecting one of the geometry piece and the 
associated identi?er; 

in response to the user input, determining if the user input 
is for selecting or deselecting one of the geometry piece 
and the associated identi?er, and if a visual indication of 
an association is present betWeen the geometry piece 
and the associated identi?er; 

if it is determined that the received user input is for select 
ing one of the geometry piece and the associated iden 
ti?er and that no visual indication of an association is 
present betWeen the geometry piece and the associated 
identi?er, displaying a leader connecting the geometry 
piece and the associated identi?er in response to the 
received user input; and 
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10 
if it is determined that the received user input is for dese 

lecting one of the geometry piece and the associated 
identi?er and that a visual indication of an association is 
present betWeen the geometry piece and the associated 
identi?er, undisplaying a leader connecting the geom 
etry piece and the associated identi?er in response to the 
received user input While the geometry piece and the 
associated identi?er remain simultaneously displayed. 

2. The computer implemented method of claim 1, further 
comprising: 

receiving a second user input moving one of the identi?er 
and the geometry piece to a neW location in the CAD 
environment; and 

continually generating and displaying a modi?ed leader 
connecting the displayed identi?er and the displayed 
geometry piece during the move. 

3. The computer implemented method of claim 1, Where 
receiving the user input selecting or deselecting one of the 
displayed identi?er and the displayed geometry piece com 
prises: 

determining Whether a location speci?ed by the user input 
is Within a predetermined proximity to at least one of the 
identi?er and the geometry piece. 

4. The computer implemented method of claim 1, Where: 
the leader is one of a line, a curve, an arroW, a polygon, or 

a three-dimensional graphical object. 
5. The computer implemented method of claim 1, Where 

the leader connecting the displayed identi?er and the dis 
played geometry piece represents a closest approach betWeen 
the displayed identi?er and the displayed geometry piece. 

6. The computer implemented method of claim 1, Where 
the leader connecting the displayed identi?er and the dis 
played geometry piece represents a closest approach betWeen 
the displayed identi?er and the displayed geometry piece that 
avoids obscuring a second geometry piece or identi?er 
present in the CAD environment. 

7. A computer-readable medium having stored thereon 
instructions, Which, When executed by a processor, causes the 
processor to perform operations comprising: 

displaying a visual representation of a geometry piece in a 
computer aided design (CAD) environment; 

displaying a visual representation of an identi?er, the iden 
ti?er having been associated With the geometry piece in 
the CAD environment; 

While the geometry piece and the associated identi?er are 
simultaneously displayed, receiving a user input select 
ing or deselecting one of the geometry piece and the 
associated identi?er; 

in response to the user input, determining if the user input 
is for selecting or deselecting one of the geometry piece 
and the associated identi?er, and if a visual indication of 
an association is present betWeen the geometry piece 
and the associated identi?er; 

if it is determined that the received user input is for select 
ing one of the geometry piece and the associated iden 
ti?er and that no visual indication of an association is 
present betWeen the geometry piece and the associated 
identi?er, displaying a leader connecting the geometry 
piece and the associated identi?er in response to the 
received user input; and 

if it is determined that the received user input is for dese 
lecting one of the geometry piece and the associated 
identi?er and that a visual indication of an association is 
present betWeen the geometry piece and the associated 
identi?er, undisplaying a leader connecting the geom 
etry piece and the associated identi?er in response to the 
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received user input While the geometry piece and the 
associated identi?er remain simultaneously displayed. 

8. The computer-readable medium of claim 7, having 
stored thereon instructions, Which, When executed by a pro 
cessor, causes the processor to perform operations further 
comprising: 

receiving a second user input moving one of the identi?er 
and the geometry piece to a neW location in the CAD 
environment; and 

continually generating and displaying a modi?ed leader 
connecting the displayed identi?er and the displayed 
geometry piece during the move. 

9. The computer-readable medium of claim 7, Where 
receiving the user input selecting or deselecting one of the 
displayed identi?er and the displayed geometry piece com 
prises: 

determining Whether a location speci?ed by the user input 
is Within a predetermined proximity to at least one of the 
identi?er and the geometry piece. 

10. The computer-readable medium of claim 7, Where: 
the leader is one of a line, a curve, an arroW, a polygon, or 

a three-dimensional graphical object. 
11. The computer-readable medium of claim 7, Where the 

leader connecting the displayed identi?er and the displayed 
geometry piece represents a closest approach betWeen the 
displayed identi?er and the displayed geometry piece. 

12. The computer-readable medium of claim 7, Where the 
leader connecting the displayed identi?er and the displayed 
geometry piece represents a closest approach betWeen the 
displayed identi?er and the displayed geometry piece that 
avoids obscuring a second geometry piece or identi?er 
present in the CAD environment. 

13. A system, comprising: 
a display; 
one or more processors; 

memory; and 
one or more programs, Wherein the one or more programs 

are stored in the memory and con?gured to be executed 
by the one or more processors, the one or more programs 

including: 
instructions for displaying a visual representation of a 

geometry piece in a computer aided design environ 
ment; 

instructions for displaying a visual representation of an 
identi?er, the identi?er having been associated With 
the geometry piece in the CAD environment; 

instructions for While the geometry piece and the asso 
ciated identi?er are simultaneously displayed, receiv 
ing a user input selecting or deselecting one of the 
geometry piece and the associated identi?er; 
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12 
instructions for, in response to the user input, determin 

ing if the user input is for selecting or deselecting one 
of the geometry piece and the associated identi?er, 
and if a visual indication of an association is present 
betWeen the geometry piece and the associated iden 
ti?er; 

instructions for, if it is determined that the received user 
input is for selecting one of the geometry piece and the 
associated identi?er and that no visual indication of 
an association is present betWeen the geometry piece 
and the associated identi?er, displaying a leader con 
necting the geometry piece and the associated identi 
?er in response to the received user input; and 

instructions for, if it is determined that the received user 
input is for deselecting one of the geometry piece and 
the associated identi?er and that a visual indication of 
an association is present betWeen the geometry piece 
and the associated identi?er, undisplaying a leader 
connecting the geometry piece and the associated 
identi?er in response to the received user input While 
the geometry piece and the associated identi?er 
remain simultaneously displayed. 

14. The system of claim 13, Where the one or more pro 
grams further includes: 

instructions for receiving a second user input moving one 
of the identi?er and the geometry piece to a neW location 
in the CAD environment; and 

instructions for continually generating and displaying a 
modi?ed leader connecting the displayed identi?er and 
the displayed geometry piece during the move. 

15. The system of claim 13, Where receiving the user input 
selecting or deselecting one of the displayed identi?er and the 
displayed geometry piece comprises: 

determining Whether a location speci?ed by the user input 
is Within a predetermined proximity to at least one of the 
identi?er and the geometry piece. 

16. The system of claim 13, Where: 
the leader is one of a line, a curve, an arroW, a polygon, or 

a three-dimensional graphical object. 
17. The system of claim 13, Where the leader connecting 

the displayed identi?er and the displayed geometry piece 
represents a closest approachbetWeen the displayed identi?er 
and the displayed geometry piece. 

18. The system of claim 13, Where the leader connecting 
the displayed identi?er and the displayed geometry piece 
represents a closest approachbetWeen the displayed identi?er 
and the displayed geometry piece that avoids obscuring a 
second geometry piece or identi?er present in the CAD envi 
ronment. 
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